Objective. To identify predictors of adverse events and highlight areas for quality improvement for children who underwent laryngeal or tracheal dilation, without prior tracheostomy placement.
M
anagement of laryngeal and tracheal stenosis in the pediatric population has undergone a significant paradigm shift in the past decade. Balloon dilation/laryngoplasty techniques have crossed over from the treatment of percutaneous interventional cardiovascular disease into the mainstream for use in treatment of airway stenosis in children, particularly in the anatomic region of the glottis and subglottis. One of the first case series to describe the efficacy of balloon laryngoplasty by Durden and Sobol 1 revealed that this technique could be used as a primary intervention for acquired subglottic stenosis in children 2 to 12 months of age and potentially obviate the need for tracheotomy placement or open laryngotracheoplasty (LTP) procedures. Wentzel et al 2 also reported similar findings for laryngeal stenosis in children with balloon dilation and concluded that it was a highly effective alternative compared to other traditional LTP options, with an overall success rate ranging from 64% to 77%. A systematic review of the literature by Lang and Brietzke 3 also demonstrated low complication rates, as well as Hautefort et al 4 for both primary and secondary laryngeal stenosis. Adverse events related to dilation have not been thoroughly investigated in national databases, and thus, there may be a gap in our understanding.
As dilation has become routinely employed for airway disorders, we sought to provide further information about this technique through the use of a national database. The objective of this work is to identify deficiencies in clinical outcomes to highlight areas for quality improvement and risk factors for adverse events.
Methods
The American College of Surgeons (ACS) has developed a hospital-based reporting system called the ACS National Surgical Quality Improvement Program (ACS NSQIP). This database was created to enhance identification of surgical morbidity and mortality and potentially preventable complications. Data are collected from the patient's medical chart, not insurance claims; are risk adjusted and case mix adjusted; and report 30-day patient outcomes. Starting in 2012, children's hospitals began using this database and reporting results in the ACS NSQIP-pediatric database. This data repository includes 84,056 observations from 80 sites in 2015, 68,838 observations from 64 sites in 2014, 63,387 observations from 56 sites in 2013, and 51,008 observations from 50 sites in 2012. This database presents a unique opportunity to examine clinical factors that may be associated with adverse events related to airway dilation procedures in children. Duke University Institutional Review Board (IRB) approval exemption was obtained prior to this investigation.
Inclusion criteria included children 18 years and younger. Patients without prior tracheostomy placement were identified using 2017 Current Procedural Terminology (CPT) codes. The following CPT codes were included: 31528 (laryngoscopy, direct with dilation, initial), 31529 (laryngoscopy, direct with dilation, subsequent), and 31630 (bronchoscopy, flexible or rigid, with tracheal/bronchial dilation or closed reduction of fracture). The NSQIP-pediatric contains a variable denoting the presence or absence of a tracheostomy. Patients who underwent concurrent tracheostomy were also excluded.
Categorical variables are summarized with frequency counts and percentages, whereas continuous variables are described with means, standard deviations, and relevant quantiles. Comparisons based on grouping patients who experienced adverse events and those who did not were evaluated through the Fisher exact test or Wilcoxon sumrank test. The Bonferroni correction method was used to account for the family-wise error rate when multiple comparisons were conducted. Adverse events were defined as death, reoperation, readmission, and prolonged hospital stay (.30 days after surgery). The x 2 test was employed to evaluate the association between adverse events and concurrent laryngeal (injection laryngoplasty or excision of lesion) or other procedures (gastrointestinal [GI], urology, or orthopedic). The threshold for assessing statistical significance was set at a = .05. Statistical analyses were conducted using SAS 9.4 (SAS Institute, Cary, North Carolina).
Results
We identified a total of 160 children who met inclusion criteria (124 from 2015, 24 from 2014, 5 from 2013, and 7 from 2012). At least 1 unplanned reoperation occurred in 15 (9.4%) patients. Eleven (78.6%) of the unplanned reoperations were related to the primary airway dilation procedure. Included operative codes for the first revision procedure included repeat dilation in 5 (33.3%) and tracheostomy placement in 2 (13.3%). Readmission occurred in 22 (13.8%) patients. Mortality was observed in 1 patient (0.6%) postoperatively and occurred 1 day after the operation. Sixteen (10.0%) patients were still in the hospital more than 30 days after the operation.
Patients were divided into 2 groups, depending on whether or not they had adverse events (reoperation, readmission, death, and prolonged hospitalization) after airway dilation. Forty-three (26.9%) patients had an adverse event recorded, and a summary for adverse events can be found in Table 1 . Demographic and clinical risk factors examined for association with adverse events are listed in Table 2 . A summary of demographic and clinical risk factor information for the children who had airway dilation can be found in Tables 3 and 4 . After adjustment, younger age was noted to be significant (adjusted P \ .003), along with days from admission to operation and days from operation to discharge. The median age of patients without adverse events was 2.1 years, whereas the median age of patients with adverse events was 4.8 months. The median time for patients from hospital admission to operation without adverse effects was 0.0 days, whereas the median time for those with adverse effects was 1.0 days. The median time for patients without adverse events from operation to discharge was 1.0 day compared to 2.0 days for those who had an adverse event. Remaining clinical and demographic factors were not observed to confer any increased risk for adverse events.
Sixty-two patients had concurrent laryngeal procedures (injection laryngoplasty or excision of lesion), 9 (14.5%) of whom had adverse events. Decreased adverse events were noted in those children who had concurrent laryngeal procedures (P = .005). Twenty-eight patients had concurrent other procedures (GI, urology, and orthopedic). Seven (25.0%) had adverse events, but no association was noted.
Discussion
Endoscopic balloon dilation does not seem to be beneficial for all cases of subglottic stenosis in children and may present some harm. Maresh et al 5 reported that in cases of severe subglottic stenosis, endoscopic balloon dilation had limited effectiveness and favored use of LTP in those cases, as they observed an increased risk of unplanned urgent interventions with balloon dilation compared to LTP. Increased severity of subglottic stenosis was also noted be a risk factor for failure in other investigations but not all. 3, 6 Furthermore, serious adverse events have been reported with endoscopic balloon dilation, including acute and complete airway obstruction. 7 Prior investigations of pediatric airway dilation have been retrospective in nature, in the form of either institutional experience with consecutive case series with chart review or systematic literature review. No prospective studies have been reported at this time, but the NSQIP-pediatric is a national, prospective database-gathering information initiative, which may better represent national trends and reduce some of the biases that may be inherent to single-center observational studies. This provides a unique tool and opportunity to further investigate airway dilation in children on a broader scale, so that clinical risk factors that are associated with increased risks for adverse events may be identified as well as areas for quality improvement. Currently, we do not have an established understanding of which pediatric patients are at the greatest risk for complications or treatment failure.
The NSQIP-pediatric database is now a widely recognized quality improvement project but has significant shortcomings when interrogating the database to make interpretations for clinical application and decision making. We feel that the strengths of our findings lie in identification of areas for quality improvement in treating children with airway dilation, such as unplanned reoperations and unplanned readmissions. We observed an unplanned reoperation and readmission rate of 9.4% and 13.8%, respectively; this appears to be quite high, with significant room for improvement. It is important to note that this result is from national-level data and not applicable to any individual medical center. Unplanned reoperation rates may be artificially inflated, since this may be related to coding discrepancies, as planned surveillance or repeat dilation may be relatively routine. However, if there was a planned followup dilation or other surveillance procedure, and this was not clearly indicated in the documentation, then this would have been recorded as an unplanned reoperation, which is a fundamental shortcoming of using this database. Another area for potential quality improvement and further investigation is why we observed a significantly high percentage of children who were still hospitalized greater than 30 days postoperatively (10.0%). This raises the question of whether or not there are continued attempts at dilation to avoid tracheostomy or other open airway procedure, and the child may be better managed with another strategy. However, this may also be explained if the patients had other significant medical comorbidities, and the prolonged hospitalization was not necessarily related to their airway problem.
Younger children were noted to be associated with adverse events. These may represent more medically fragile children. Also of note, it does not seem that prematurity conferred any increased risk of association with adverse events. Other potentially clinically interesting comorbidities and clinical factors that we found to have an association with adverse events also included time from admission to operation and time from operation to discharge. This is likely the result of severity of disease, as those children who were sicker may have needed more time to medically improve after operative intervention, which may not be a controllable or preventable a risk factor. However, one of our other findings was an increased adverse event rate for children who had delay in operation from the time of hospital admission to surgery. This could be explained in 2 different ways. One, those with more severe clinical disease needed to be medically stabilized prior to operative intervention; thus, they are intrinsically more susceptible to adverse events. However, this may also be explained by delaying operative intervention in the appropriate child; this allowed the child's clinical status to decline and was the primary driver for the increased association with adverse events. As the current NSQIP-pediatric data were insufficient to perform a multivariate analysis, we cannot be certain that these were independent risk factors. Our investigation was potentially underpowered to detect a statistically significant difference for other risk factors; however, given the size of included cases, the actual difference between statistically significant thresholds may be small and not clinically relevant. Further investigation is warranted to examine if delay in operative intervention for airway dilation actually contributes to increased adverse events.
Interestingly, performing concurrent laryngeal procedures appeared to be protective against adverse events. It is unclear as to why this was observed but may be an area for further investigation for quality improvement to assess if concurrent laryngeal intervention may be helpful in improving the clinical outcomes for airway dilation in children. Furthermore, concurrent other procedures did not appear to increase the risk for adverse events.
With an occurrence of less than 1%, mortality was rare. However, it may be of clinical interest to note that this occurred 1 day postoperatively. This perhaps highlights the importance of close monitoring and surveillance in the immediate perioperative time period. It also appears that airway dilation can be effective at delaying tracheostomy placement for at least 30 days. Laryngotracheoplasties may have been performed after this time window and be missed in our investigation. This may be an underestimate, as clinical outcomes are only recorded 30 days postoperatively.
Significant limitations exist in our study. There is an inherent inability to track individual patient outcomes to help develop recommendations for patient selection. Severity of disease and clinical presentation for individual cases could not be ascertained using this database approach; thus, this may have affected which patients were selected for an airway dilation procedure, as opposed to another open airway procedure, such as tracheotomy placement. Our investigation is limited by the definitions and data captured by the NSQIP-pediatric, and in the future, more procedure-specific quality outcomes may be of clinical importance, such as dilation technique and device size used. Included patients in the database may not also accurately describe the general population, as the NSQIP-pediatric only includes participating institutions. As mentioned before, the data are subject to variation based on participating institutions and data that are extracted by codes, which may be subject to inaccuracies based on the documentation available for review. Also, in our current investigation, the dilation CPT codes that we selected to identify patients do not include the particular technique for laryngeal dilation, and there is no specific procedural code for subglottic stenosis balloon dilation, so we could not make any inferences regarding surgical technique. The primary focus of our findings is to highlight areas of potential quality improvement and not necessarily make recommendations about individual clinical decisions, as these must be made on a case-by-case basis. However, this is the first of this type of investigation to examine adverse events using the NSQIP-pediatric related to laryngeal and tracheal dilation in children and may serve as a starting point for further discussion and investigation for optimizing clinical outcomes and identifying areas to examine further to identify areas for improvement. We believe that our findings are important, as they confirm prior reports that laryngeal and tracheal dilation procedures in children are safe. Our findings may not be generalizable or clinically applicable to management decisions for individual cases, but we have identified potential areas for improvement, especially in reducing unplanned reoperation and readmission rates and further investigation into whether delayed in airway dilation contributes to increased adverse events.
Conclusions
Airway dilation in children appears to avoid tracheostomy and open laryngotracheoplasty in most cases for at least 30 days postoperatively but may be associated with high rates of adverse events. Mortalities were rare. Clinical risk factors and comorbidities associated with adverse events include younger age, days from hospital admission to operation, and days from operation to discharge. It is unclear at this time if these are independent or dependent risk factors. Areas for quality improvement and further study include reducing unplanned reoperations and readmission rates, as well as trying to understand if younger age and delayed operative intervention contribute to increased adverse events.
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